Thank you for submitting your manuscript entitled "Pericytes promote symmetric cell divisions during human skin regeneration" to Life Science Alliance. The manuscript was assessed by expert reviewers, whose comments are appended to this letter. We invite you to submit a revision if you can address the reviewers' key concerns, as outlined here.
Importantly, the following concerns need to be addressed: Ref#1: -revise text accordingly Ref#2: -to support the claim of symmetric divisions, either do lineage tracing or at least use markers and static analyses -unbiased quantifications are needed (specific comments point 1; see also ref#3's comments) -specific comments point 3, 5 and 6 need to be addressed (see also ref#3 for comments on BMP2) -specific comment 2 and 4 needs to be discussed Ref#3: -similar to Ref#2; please address quantification issues and provide further evidence for the role played by BMP2 Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript.
------------------------------------------------REFEREE REPORTS
Reviewer #1 (Comments to the Authors (Required)):
In their manuscript, Zhuang et al. show the importance of dermal microvascular pericytes in epidermal regeneration -including epidermal morphology, extracellular matrix deposition, cell proliferative activity, and symmetric cell division. Interestingly, they show that BMP2, a secreted morphogenetic factor expressed by dermal pericytes, could function as a paracrine regulator of symmetric keratinocyte cell division. Together, these descriptive observations are interesting for better understanding the regulatory mechanisms that instruct epidermal self-renewal. In general, the data they presented in the manuscript support their conclusion. There are several minor errors such as typos in the text which need to be corrected.
1. Last sentence in the first paragraph of the Discussion section is too long, and does not convey their message clearly 2. The first letter "w"in "wnt/BMP/FGF...", the last paragraph on the page 14, and throughout the page 15, should be replaced by capital "W".
Reviewer #2 (Comments to the Authors (Required)):
The authors investigate an interesting and rather poorly understood topic of how the skin microenvironment regulates its homeostasis. Specifically, the authors address the role of fibroblasts and pericytes in epidermal division and differentiation using human organotypic raft cultures as a model system. Using organotypic cultures (OC) the authors compare the ability of neonatal fibroblasts and pericytes in supporting the formation of a proper epidermis and find that pericytes in the absence of fibroblasts are the best source for this. They then provide data that indicate that pericytes control epidermal-dermal junction formation, spindle orientation (they use the term symmetric division but as they do not directly trace the cell fate of these cells nor use cell fate markers, the term is misplaced here) and epidermal maturation likely through paracrine signaling via BMP-2 using organotypic raft cultures as their model system. As most people use cultured fibroblasts but not primary isolated cells in OCs, the novelty of this paper is the use of primary fibroblasts and pericytes in these cultures to assess their function and find that pericytes are able to better support the formation of histolohically more normal looking OCs. As these OCs are used quite a bit not only to assess biology but also for therapy, this is an important finding. The data on BMP2 are a little less convincing and many of the data are not properly quantified but based on one image shown. Specific comments.
1. As many of the established OC systems are done with cultured fibroblasts, it would have been very worthwhile to compare pericytes alone to one of the established systems for a direct comparison, as the data suggest that pericytes might be the better cell type to get reproducible results. In this light, the authors compare the different combinations of OCs to human skin sections but only in the histology but not in their quantification. The argument that pericytes are the most comparable to human skin would be much stronger if the comparison would also be done in terms of quantification. This also in lght of the fact that it has been shown that protocols to generate OCs with e.g. mouse fibroblasts and human keratinocytes (e.g. Arnette et al., Methods in Enzymology, 2015) , show normal K10 expression levels in the absence of pericytes.
2. The authors identify pericytes as important components of the epidermal niche. Co-cultures of pericytes with previously used fibroblasts reveal changes in the epidermis such as disorganized basal layer and lower ΔN-P63 expression which are improved by OCs generated only with pericytes. This provokes the question whether fibroblast somehow inhibit pericyte function. Does coculture of pericytes and fibroblasts reduce secretion of key factors?
3. The data on BMP2 are not very strong. The authors do not show that the OCs look much better but only provide a close up of the basal layer. Is the BM also better? More importantly, looking at the supplementary data the increase in BMP2 RNA is less than 1.5 fold and based on what the authors show in A of the same supplementary figure this does not really seem to increase BMP2 protein expression or secretion. The authors should show that these cells indeed secrete substantially more BMP2 that is comparable to what pericytes secrete.
4. The observation that fibroblasts and pericytes might have differential localization in the skin, and that this localization is perhaps crucial to explain the difference in affecting epidermal tissue organization, renewal and differentiation is interesting. For physiological relevance it would be important to show that this difference in localization also occurs in vivo in human skin, also in light of recent findings that there are functionally and spatially different fibroblast skin populations.
5. The fact that fibroblast cultures show lower levels of K10 compared to pericytes cultures complicates the idea that fibroblasts support differentiation whereas pericytes promote self-renewal. To better understand this, it could be helpful to include other differentiation markers such as loricrin in the analysis.
6. Quantification and number of replicates need to be better done/described, see comments to individual figures. -They claim to observe thicker epidermis in F or F+P conditions, however, this has not been confirmed by any quantification. This is important as OCs normally exhibit highly variable thicknesses even under the same conditions -Proper spindle orientation is maintained in late metaphase (Poulson et al., JCB, 2010) , therefore, it is important to analyze late stage mitotic cells. In this manuscript, it seems that cells in earlier mitotic stages have been analyzed. Here it is helpful to visualize DNA as well as the spindle midbody marker surviving, thus allowing better assessment of later mitotic stages of the cells.
-It is not clear how planar and perpendicular divisions were assessed. In panel (I) authors claim 10% of cells divide in a plane parallel to the surface in condition F, which is not clear from the radial bar charts presented.
-Overall, to avoid misinterpretation of spindle angles, at least 50 mitotic cells must be counted and the numbers of mitotic cells counted here 43, 23 and 23 per conditions are too low.
-Discrepancy between the text and figure legend. Page 9, authors claim the division angles were obtained from 4 independent experiments whereas in the figure legend (I) they mention 3. This paper focusses on the role of pericytes in the epidermal stem cell niche using organotypic cultures of human epidermis. Understanding the cell and molecular components of the niche is an important problem, and culture offers a way in to resolve some aspects of the niche that are technically infeasible to dissect in vivo.
The basis of this work is that pericytes may be reliably sorted by ITGA1 and CD45 expression. These are seeded onto transwell inserts and after a week, keratinocytes are added. It would be very helpful to cartoon the protocol to save readers having to look up the 2007 paper. Cultures with pericytes alone, fibroblasts alone and a mixture of both cell types are compared. It is important to know what happens if neither cell type is included, as organotypic cultures can be successfully generated on 'dead' dermis with no viable dermal cells.
Cultures are compared by immunostaining of histological sections. This can be problematic as usually organotypic epidermis varies across the culture dish. One way round this is top down imaging of the cultured sheet. If feasible, this sort of analysis, would support the conclusions more robustly. The presence of pericytes increases the proportion of proliferating basal cells as assessed by Ki67 staining. The argument that KRT10 expression is more 'ordered' is difficult to assess based on the data provided, none of the images shown closely resemble epidermis, a common feature of this type of culture. The basement membrane is argued to be different in the presence of pericytes, but the limited imaging and lack of quantifiable features in the images shown make it difficult to be sure how representative they are and whether any differences have functional significance.
Pericytes do tilt the angle of cell division parallel to the basement membrane, which is important as this is what occurs in vivo. It would be helpful to add a short-term lineage trace after a pulse of low dose EdU or BrdU to capture the fate of cells after division. Over expression of BMP2 in fibroblasts also increased the proportion of divisions parallel with the basement membrane. Knockdown or Crispr deletion of BMP2 in pericytes would provide confirmation of the role of BMP2 in the phenotype.
In discussing these results, it is important to stress that cells in divisions parallel to the basement membrane may have different fates.
Overall there are some interesting observations here but additional evidence is needed to draw firm conclusions. We thank all 3 reviewers for their valuable comments and suggestions to improve our manuscript. We have made significant changes to the revised version of this manuscript in response to the critique provided and include significant new data requested by the referees to improve quantitative aspects, provide data from replicate experiments and provided additional data to support the role of BMP-2 in promoting keratinocyte divisions. Specifically we have added quantitation to Figure Figure 2 ) to include BMP-2 protein data, in addition to data for a new marker K15 which is indicative of homeostasis in basal keratinocytes. We have revised the manuscript text (including figure legends) throughout to reflect these changes all marked in red, and included comments as suggested by reviewers or that otherwise provide further explanations for our rationale. Finally, the manuscript layout has been re-formatted according to the Instructions for Authors for Life Science Alliance. Please find below, a detailed point-by-point response to each of the Reviewers' critique.
Reviewer #1: There are several minor errors such as typos in the text which need to be corrected. 1. Last sentence in the first paragraph of the Discussion section is too long, and does not convey their message clearly.
Edited for clarity
2. The first letter "w"in "wnt/BMP/FGF...", the last paragraph on the page 14, and throughout the page 15, should be replaced by capital "W".
Changed as requested.
Reviewer #2:
General Comments: They then provide data that indicate that pericytes control epidermal-dermal junction formation, spindle orientation (they use the term symmetric division but as they do not directly trace the cell fate of these cells nor use cell fate markers, the term is misplaced here) and epidermal maturation likely through paracrine signaling via BMP-2 using organotypic raft cultures as their model system. (Fig 4L) , number of Ki67+ cells (Fig 4 M) and number of basal DNp63+ cells ( Fig 4N previously described as 4. The observation that fibroblasts and pericytes might have differential localization in the skin, and that this localization is perhaps crucial to explain the difference in affecting epidermal tissue organization, renewal and differentiation is interesting. For physiological relevance it would be important to show that this difference in localization also occurs in vivo in human skin, also in light of recent findings that there are functionally and spatially different fibroblast skin populations.
Efforts to demonstrate differential localisation of pericytes versus fibroblasts are ongoing in our laboratory and while we have established 3D imaging techniques to visualise these cells in whole mounts of skin, we are still a long way from generating quantitative data, largely complicated by difficulty with reagents that despite working well in tissue sections, fail to do so in whole mounts. Certainly, this is an important question that remains a goal of our current work, but beyond the scope of the current manuscript.
5. The fact that fibroblast cultures show lower levels of K10 compared to pericytes cultures complicates the idea that fibroblasts support differentiation whereas pericytes promote self-renewal. To better understand this, it could be helpful to include other differentiation markers such as loricrin in the analysis. Ghalbzouri & Ponec, Cell Tissue Res (2002) 310:189-199) . Thus, analysis of additional differentiation markers is unlikely to add value to our data which deliberately focus on changes to the basal layer where the most profound changes are elicited with pericyte co-culture.
We disagree with this simplistic interpretation -a better conclusion is that pericytes promote selfrenewal and differentiation, whereas fibroblasts do not promote self-renewal, but as reported previously, support differentiation ( El
6.a. Fig. 1 . They claim to observe thicker epidermis in F or F+P conditions, however, this has not been confirmed by any quantification. This is important as OCs normally exhibit highly variable thicknesses even under the same conditions. Figure 1H for OCs which show reproducible results from pooling the data from 3 independent experiments.
We had this data but did not include it in the original manuscript thinking that epidermal thickness was not as valuable as quantitation of specific proliferative markers. We now include this quantification in
6.b. Fig. 2 -Quantifications are missing. Data obtained from 2 independent experiments. When analyzing OCs the minimum of 3 independent experiments are required and therefore 2 replicates are not enough to reach precise conclusions. Fig 2 in the original 6.d. It is not clear how planar and perpendicular divisions were assessed. In panel (I) authors claim 10% of cells divide in a plane parallel to the surface in condition F, which is not clear from the radial bar charts presented.
As stated in the Figure legend to

We state that "Analysis of the percentage of mitoses against the angle of division orientation (0° to 90°) revealed that co-culture with pericytes resulted in ~50% of mitoses dividing in a plane parallel to the dermo-epidermal junction (<10° angle) ....compared to ~10% in fibroblast co-cultures. Below we show how we arrived at ~10%. On the left is the panel shown in the manuscript, and on the right, the same panel marked up to illustrate how it is read. The blue wedge indicates all mitoses scored as occurring at an angle of 0-10o in the radial display in F co-cultures. The bar value is extrapolated to the y-axis in an arc (red) and the corresponding value read. This is a standard approach used by many authors to depict mitotic spindle orientation -but takes a bit of getting used to.
6.e. Discrepancy between the text and figure legend. Page 9, authors claim the division angles were obtained from 4 independent experiments whereas in the figure legend (I) they mention 3.
We thank the reviewer for drawing our attention to this error. The data were in fact from 4 independent experiments - Figure 1 legend has been revised to reflect this. 6.f. Fig. 4 , The number of independent experiments and counted mitotic cells are not mentioned. Figure 4 legend.
Our apologies for this unintentional omission. The number of experiments (n=3) and the number of mitotic events counted (n= 28, for F_GFP and n=27 for F_BMP-2) are now stated in the
Reviewer #3:
1. The basis of this work is that pericytes may be reliably sorted by ITGA1 and CD45 expression. These are seeded onto transwell inserts and after a week, keratinocytes are added. It would be very helpful to cartoon the protocol to save readers having to look up the 2007 paper. We now include a new Supplementary Figure 2 in which we include a cartoon in panel A as requested.
2. Cultures with pericytes alone, fibroblasts alone and a mixture of both cell types are compared. It is important to know what happens if neither cell type is included, as organotypic cultures can be successfully generated on 'dead' dermis with no viable dermal cells.
The proposed experiment has actually been published by others (El Ghalbzouri & Ponec, Cell Tissue Res, 2002, 310:189-199) (Li et al., J Clin Invest 2004; Paquet-Fifield et al., J Clin Invest 2009) .
4. The presence of pericytes increases the proportion of proliferating basal cells as assessed by Ki67 staining. The argument that KRT10 expression is more 'ordered' is difficult to assess based on the data provided, none of the images shown closely resemble epidermis, a common feature of this type of culture. Thank you for submitting your revised manuscript entitled "Pericytes promote symmetric cell divisions during human skin regeneration." to Life Science Alliance. The manuscript was assessed by two of the original reviewers again, whose comments are appended to this letter.
As you will see, reviewer #2 thinks that in absence of lineage tracing, the term 'symmetric cell division' should not be used as this can be interpreted to the establishment of daughter cells with equal fate, which may or may not be the case in your OCs. We agree with this view. Reviewer #3 is disappointed by the revision and stated to us that s/he does not support publication of your revised manuscript here. Importantly, this reviewer points out that neither lineage tracing nor BMP2 knockdown/knock-out has been performed, experiments we asked you to include to allow publication of your work in Life Science Alliance. Your argument that BMP2 has been previously linked to stem cell niche regulation in Drosophila and to proliferation in the dermis of mice is in our view not sufficient. Therefore, I am afraid, we concluded that we cannot offer publication at this stage.
We realize that reviewer #2 (and reviewer #1 of the previous round of review) support publication of a further revised manuscript. Though we usually only allow a single round of review, we can invite you to submit a further revised version should you be able to include BMP2 knock-down analyses and re-write the manuscript to refer to planar cell divisions instead of symmetric divisions. If you decide to do so, please also consider re-ordering your figure panels for a better chronological order.
Thank you for this interesting contribution to Life Science Alliance. We are looking forward to receiving your revised manuscript.
This paper is now sufficiently improved and provides very relevant and important insight into the role of pericytes in epidermal/skin homeostasis. I do still disagree that they call the changes in spindle orientation increased symmetric divisions. To claim symmetric division or asymmetric divisions is showing that the division itself is directly resulting in either similarly fated daughters or differentially fated daughters. This is not done in this paper, as indeed to show direct division-mediated fate changes is hard to show and I do not expect them to do that. However, what they examine is spindle angles and this is linked/accompanied by increased expression of basal markers, indeed suggestion perhaps even indicating that these may be symmetric divisions. It is still possible that pericytes promote basal fate through different mechanisms that are independent of increased planar divisions, including e.g. secretion of growth factors Moreover, as also pointed out by the other reviewer there is enough evidence in the literature that symmetric divisions or better said planar spindles/planar divisions can give rise to an asymmetric fate. I do consider it important to distinguish between the two terms. Importantly for me this distinction does not take anything away from the interest of their findings nor the important role of pericytes in skin biology that is revealed here.
Reviewer #3 (Comments to the Authors (Required)):
The authors have made some improvements to the manuscript in response to the reviewers. The lack of a BMP knockdown experiment remains a weakness in the manuscript and it is disappointing that short term EdU lineage tracing was not performed, as this does not require live imaging equipment.
Additional Correspondence -Editor 6 July 2018
Many thanks for the phone call following our decision to ask you to further revise your work.
We appreciate your explanation that for BMP2 depletion analysis CRISPR-mediated knock-out would be required given the timeframe of organotypic culture (OC) experiments. We also understand that you hadn't done a knock-out experiment for BMP2 nor EdU lineage tracing in organotypic skin cultures because you cannot receive the same OC starting material anymore and are currently performing laborious and time-consuming optimization procedures to set-up the system again.
I have re-discussed your work explaining the circumstances with an academic editor. Because reviewer #1 and #2 were positive about your work even in absence of BMP2 knock-out experiments, we decided to overrule our request. We would, however, expect that you clearly state in the manuscript text that more definitive proof for the role of BMP2 is needed, and that you tonedown your conclusions accordingly. The other revision requests (symmetric devision; chronological order of figure descriptions) should be performed as already outlined in the original decision letter. Please note that we have the 'Follow Up' format at Life Science Alliance that may allow adding BMP2 knock-out data at a later time. 3."..please also consider re-ordering your figure panels for a better chronological order."
